Uptake Pathways of Protein-Coated Magnetic Nanoparticles in Platelets.
Magnetic nanoparticles have recently shown great potential in nonradioactive labeling of platelets. Platelet labeling efficiency is enhanced when particles are conjugated with proteins like human serum albumin (HSA). However, the optimal HSA density coated on particles and the uptake mechanism of single particles in platelets remain unclear. Here, we utilized single-molecule force spectroscopy (SMFS) and other complementary methods to characterize the interaction of particles when interacting with platelets and to determine the optimal HSA amount required to coat particles. An HSA concentration of 0.5-1.0 mg/mL for coating particles is most efficient for platelet labeling. Binding pathways could be elucidated by linking a single HSA particle to SMFS tips via polyethylene glycol (PEG) linkers of different lengths and allowing them to interact with immobilized platelets on the substrate. Depending on the PEG length (i.e., short ∼2 nm, medium ∼30 nm, and long ∼100 nm), particles interact differently with platelets as shown by one, two, or three force distributions, which correspond up to three different binding pathways, respectively. We propose a model that the short PEG linker allows the particle to interact only with the platelet membrane, whereas the medium and long PEG linkers promote the particle to transfer from open canalicular system to another target inside platelets. Our study optimizes magnetic platelet labeling and provides details of particle pathways in platelets.